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The average ratio of elevation to length of wire for all 
heights is a trifle less than 0.60. This value is based on 102 
observations. The ratio varied but  little throughout the es- 
periments. The arer:tge ratio for 18 elevations exceeding 300() 
was 0.59. The average angular elevation of the kite mas 3 9 O  
28' for all observations, ancl 3s" 30' for the 18 eleratiom ex- 
ceeding 3000 feet. ~- 

THUNDERSTORMS A T  LINCOLN, NEBR. 
Hy .lanit\ H. HPhV( E R ,  Olmer\t.r, trultrd *tntr\ \\cathe1 R u i m u ,  rlate8l Llua oilu, Nrlbi , 

l h e i i i l , r i  1'1. I!lO? 

The following estratts, revised to December 1,1903. are from 
an article on Thunderstorms, by  Mr. James H. Spencer, 0 1 1 -  
server, United States Weather Bureau, Lincoln, Nelw., which 
was officially published in the Proceedings of the Nebraska 
Academy of Sciences, Vol. VII :  

Thunderstorms have more than usual iutereht t o  the  rebidelits of itiost 
of the States lying between the BIibsissippi R1t er and the  easterii 41)pe 
of the Rocky Mountains. I n  thi+ great iegion they Iirl)tJablj StljJl i l?.  not 
less than two-thirds o f  the piecipitatiim during the  sunlnit'r uiouths. an11 
crop failure or S U C C ~ S ~  tlepeucls v q  largely upun their  freiluwrcy, extent. 
and t he  amount of rainfall. * * * * b k * 

Careful ref-ords of t h u n d e r ~ t o r t n ~  ha\ e liren kept for Lmciihi, N e l ~ r . ,  
since April 1, 1896, and althnugli a longer recoril is  nib( 

t rustuorthy aveiageb for comliarisiin. the  statistit.5 
record for the eight years eiidliig Nnve~iiber :30, 1%13, ~iart~vuldil) '  f i  ~r t h e  
crop seasons will be found nf interest 

The total  number of thunderstorm+ pa%ing o ~ e r  the ztatiiin fair the 
entire period was 303, or an a\ rrage nf YX fur t.ai.h year. b l i i > u t  MI 11er 
cent occurred during the night I f iom 7 00 11. 111. to 7 : O O  a. in.)  aiitl a1Julit 
70 per cent. between noon and iiiiilnight. Nearlj HI) per relit were le- 
corded as coming froiu some westerly tlirwtiou. Two huntlreil ancl forty- 
four of the  308 thunderztorin-, or $1 ~ i e r  rent. cif t he  entire nuinher. 0 1 . -  

curred during the  forty month5 o f  the  eight 1'ra)11 asonz-f rnni A pi i I to 
August, incluhive-the time (if )-ear in Nebrasba 
neeiled. TIIP distribution cif the  storm+ ti?. y 
month5 of the crop seasoI1, the  total  raiufall fur each month, anil the all- 
proximate amount which fell iluring thuntlrrstrirms. are gi\ en in the fol- 
ing table: 

Thus i t  is  found tha t  about 70 per cent. of the total amount of rdinfall 
for the crop seabon is due to the  passage of tliunderztiirius. anil that  the 
percentage of rninfall from thuniler5tornis during the  most critical crc~li 
months in  Nebraska-July an11 .4ugu.;t-i+ %till greater. The a\ rrage 
rainfall for each crop season, esi lulling that  due t o  tliunderstorius. was 
only 6.25 inches. * t $. t .% * 

The masiiiium wind \elocity for the  right par s ,  and t he  highest ~ v e r  
recorded for five minutes at L i n c i h ,  was 80 n r i l e ~   pi^ hour. oceurriiig 
in the thunderstorin of May 12, 1896. No xery p e a t  tlamage resulted 
from this  storm. 

The year 1900 furnished a n  unusual iiuml~ei uf eswssive \\iiirl awl 
precipitation records for Lincoln. Both the nuiiilier of tliunclerstorin+ 
and the rainfall were considerably a l ~ o ~ e  the  normal. During the thun- 
derstorm of July 15 o i e r  3 inches CJf nater fell, inore than two-thirilh nf 
which occurred in one Iiour. A mouth later. on dugubt  16 and 17, 4.37 
inches of water fell in twenty-four hiiurs. an amount more than 1 inch 
in excess of the normal rainfall for that  month. During the  thunder- 
storm of August 23,0.61 of an inch was recorded in fix e minuteb. At this 
rate our entire annual precipitation would o c w r  in less than four hoiirs. 
During the storm of August 31 occurlril t he  highest wind 1 elocity for 
t he  year, averaging 78 miles per hour for fire minutes, bu t  for one min- 
ute  exceeding 100 miles per hour. Hundred5 of trees were bltiuu tlo\ru 

The instructions for Weather Bureau obseri erz require tha t  thunder- 
s torms be recorded when thunder is  heard at t he  staticin, without refer- 
ence to any other feature.-ED. 

~~ ~~ ~~ - 
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or had large limbs blown off atid the  roofs of a nuinber of Lluildings were 
badly damaged. 

The SUILlIIJer of 1902 also gave some very interebtiug thunderstorm 
data  for Lincoln. Tho total raiufall for ,Julie ant1 duly was 20.18 inches, 
or within 6.58 inches of  the  yearly unrnial: o f  this aninunt 86 per cent. 
occui red duriug thunllerstorius. The July rainfall n-as 11.35 inches, or 
three t imes the  nornial aniount. It is interectiiig to note that  of this 
amount only 0.HY c.f an invh occurred during the tweli e hours encliug at 
8 p. in. 

The thunilerstorni of Ma) 26;- 1903, wah the mozt destructive on record 
at the station. d mnsimuni winil x eliwity o f  71; niilrs an liuur was re- 
t*ortle(l. ALont o i i p  mile soiithwest o f  the  office the s t o r ~ ~  appeared to 
tie PWII more severe. end se\eral  large building.: neie  damaged by the 
wiiiil to the extent cif uenrly %lOl~,lU~. 

Tkioid rstorms n f  Lincoln. L\7t 6,. 
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RECENT STUDIES ON THE SOLAR CONSTANT OF 
RADIATION. 

By i'. I;, . ~ B B O T .  Reprinted froiu duiitlisunian MiscPllanwus ('ollprtious ia>uarterly I s s i w ~ .  
v ~ h n i e  45. Published rleceinlrer 9,  19118. i,Heri.e(l l ty  the author. I 

1NTRUDUc'TII:IN. 

Within the last two years the observations of the Smith- 
sonian Astrophysical Observatory uiider the direction of the 
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Secretary, Mr. Laiigley, have been largely for the purpose of 
measuring the total solar radiation, its distribution in the 
spectrmn, and the losses which it suffers by ahsorption in the 
solar and terrestial gaseous envelopes. I n  the experimental 
work t m c l  reduction uf observations Mr. Langley has been 
aided by the writer, b u t  chiefly by F. E. Fowle, jr., whose able 
lianclling of the work I wish particularly to ncknowledge aiid 
commend. Preliminary notices of this investigation have 
appeared in the Siuitlisonian Report for 1903, and in an article 
by the Secretary in the Astrnpliysic.al Journal for Mnrch. 1903. 
to which suiirces the rencler is referred fibr aclditioaal inforim- 
tioii in relation t,o the metliocls o f  study. I n  the present paper 
will be found a sumiunry of tlie results thus far reached. 

bTMORPHERI(' AESORPTION. 

It is well knowii that  the effectiveness of tlie solar and ter- 
restial gaseous enrelopes to intercept 1))- reflection or absorp- 
tion a i d  thus iliininisli the intensity of the solar radiations a t  
the earth's surface, varies greatly for rays of different wave- 
l e n g t h .  It is custoinary, speaking o f  tlie iiiatker in r e d -  
tliougli not strictly accurate terius, to coinbine these two 
effects of refection and absorption under the single head of  
absorption, but  to distinguish two kinds o f  absorption. naine- 
ly, general and selective, of wliicli the latter iiiclutles such 
sudden alterations of transiuissiou as are seen in tlie Fraun- 
hofer lines, while tlie fnrmer clenotes inerely a geiieral meak- 
ening of the racliatioii exteiidiiig over wide ranges of w a l e  
length. Usiiig this iioiueiiclatnre, it appears to be tlie general 
absorption o f  the solar m d  terrestial envelopes which chiefly 
affects the aiuount of  solar racliatioii a t  the earth's surface, 
although the selective ahsor1)tion of water vapor in the at- 
inosphere is also both very effecti\e ancl ver) variable.' 

The proceclure eiuployecl liere to determine the general ab- 
1 K. &ngst,ri:,ll1 has. Iiowrrer, att,riIJnteit much importance to  the 

absorption o f  carbonic acid gas, inililying by his comput~ation t,hat. not 
less t.han f i l  1jer cent. o f  t he  ilar railiwtiou wliich reaches the outer  
layers of the earth 's  at.mosphi is  #:ut oft' liy t h e  a.lisor1itiuii of this gas 
in a vertical transmission t,hroiigh the air. ( S e e  Bnnaleu der Ckwiir  
und Physik, vol. 39. pp. 309-311. 1S:lIl. I He locates the a1w)rptiou o f  

(Is a1 2.+  and 4 . 3 ~ :  sii that,, a s  he  mys. i t s  
procwliire for olhaiuing the  value ibf  t he  

)Iiterl 1)g RIr. Ltingley in his reyar1.11 (in 
essentially that. enililoyetl here. .IngstrC~m. 

while using the same met,hoil in part,, ailileil a seconiI t,erni aiiiniinting t,o 
more t,han half t he  whole in his coiiiliut,atiou, solely referring til t,he all- 
sor1itioii of (:arbonit. at+l gas. and  thus  he o1)tainvil his inft-clniit,ril result 
for t.he solar camstant I $  radiation of 4.1) c a h r i r s  ~ i e r  square cwt,inieter 
1)er niinute. For several reasons I alii inc.lined to  t.liinli .ingstrr,ni has 
greatly owrestiniatecl t h e  iniliort,anw i i f  this  [ ~ ~ l i o n i c  aciil ab: 
t,erni: 
is alnioat whd ly  fnr  wave lengths great,er than 2.5p a11cl Iirint. 
two bands 1.1et.ween wave lengths 2 . 6 ~  ant1 2 . 8 5 ~  ani1 lietween 4.211~ anid 
4.!jOp, respectively, where. t h e  tckal anlount. of the so 
appareut,ly less t .hm one 1)er cent o f  t he  whole. as 
only from the appearanne of the olxwrved bi~ilographic 
energy curve itself, bot fri~>ni a consilleration of t,he probal)le teni:vra- 
ture  of the  sun and t he  distribution nf energy in t,lie spectra of 1.iodies 
at high teiiil)erat,urcs. .is a very evidently too great, estimate o f  the. 
energy in t,liese mnve-lengt,h rexiow. it. may lie seen that  if the raclia- 
tion outside the atmosphere ISPP fig. 3) was o f  t he  same intrnsit,g 
throughout t,hese tmicls as at 2.1p. t,he area they would int~lnde \voultl 
be only about one.-fiftirt,h the total  area under t he  curves of fig. 3. I t  is  of course very iniprnlmble t,Iiat t,he height of the curve at 4.3p 1s 
nearly as great as at 2.1p. Thus it would ap1)ear t,liat. the  selevtiw 
absorption of  t h i s  gas for direct solar radiation is aliiii)st. negligible. 
Second, if carbonic acid exen-ised a general a1.1 
intense parts of the solar spectrum. i t  is nut 
era1 absorptirln is  not includeil and allowecl 
absorption here determined. Third. values I )  

put,ed here for t h e  same day, hut  from observations iriade t,lirorigh very 
different thicknesses of air. are found to agree excellently. which ap].iears 
to nonfirin the  accuracy of the  inet,liod of determining the  at,niospheric 
absorption which is here emplilyed. 

Aft,er t h e  first pulblication iof this laper my at,t.ent,ion was ilrawn to 
irngatriim's Iat.er article on t,liis suI:ijet.t,. (.inn. (1. Physili. 4. 3, 720s 1 ~ .  ) 

I ani glad t o  find that. he now attaches ninch less importance t o  t,hr 
alisorpt,ion 1,s C O ,  o f  solar radiation. and, in consequence, t,hat hu  now 
discountenances the  value 4.0 oal., s(i often quoted for the solar coustant. 

First., a s  he s h n w ~ ,  tlir selective aljsorptiinn o f  t-arlwnic 

sorption of the air consists chiefly in making bolographs- 
that  is, automatic energy spectra--of the solar radiation as 
often as possible throughout clays of uniform and excellent 
sky without alteration of tlie sensitiveness of the apparatus. 
Sucli energy spectra are altered in appearance from one to 
another by the rarying absorption o f  the difierent thicknesses 
of :tir, so that  a little after n~)u i i  the height of the curve is 
fuiund t l J  1Je x masiiuum for all wave lengths, i m c l  the lieiglit 
falls of€ as the suii clecliiies in altitude, slowly in tlie infra-red 
regigm of the spectrum, but  iunre and more rapidly as we 
esainiue further and further toward the violet, u r  still more 
rapitlly if we note the greater atmospheric absorption baiicls 
due to water v:ipor. 

I t  is ashuiued t h t  the atinospheric transuiission for a very 
narrow portion' of spectrum may 1Je expressed hy the re- 
1 a t '  ion- 

(1) P 
Po 711 ~ 

t' = C,) CL 

where e and P , ,  are the intensities of light of this wave length 
at  the earth's surface and outside the atmosphere respectively; 
o the fractiou tranbiuitted by the :ttmosphere for zenith sun; 

the air mass, or ratio uf the length of the transmitting col- 
U I U I ~  of air to that  for zenith sun; ,3 ax1 $,, the observed ancl 
stantlard barometer i.eadings respectively. Upon the bulograph 
the height tl corresponding to any given wave length is clirectly 
1)roportional to the ainount uf energy of that  wave length. 
Accordingly we may introduce D factor k constant for the 
single wave length in question 

and hence, 
3 
1'" 

log d = ?)lr log fl + log ( X V , ) .  

;is the last teriu of equation ( 3  ) is to be supposed constant 
during the clay's obseri atioiis, the e\pressii )n is in tlie form of 
the equation of a straight line, nucl if tlie logarithms of the cle- 
flectioiis a t  the given n ave-length on the succesyire bolographs 
be plotted as ordiuates with the quantities ( t n  ~ / , 3 ~ )  as aliscisse, 
tlie sex era1 pnints SO tleteriiiiiiecl should fall on a straight line 
of which the tangent of the inclination is the logarithm of the 
transmission coefficient ( 0 )  for the gireii wax e length. 

Mr. Langley ha\ stated that  the ntteinptecl meawreinents of 
the solar constant froin n station near sea level like Washington 
are subject to great, nncertaint) froin tlie necessity of the very 
large aiicl cloubtfal extrapolation for atmobpheric absorption. 
Without in the leaqt questioning this, ant1 while calling qpecial 
attention to the great interest which woultl attach t u  a repe- 
tition of the experiiuentb a t  high altitudes. I incline to the be- 
lief that  the closeuesb n i t h  nhicli the plotted pointr, deter- 
mined a\ above described, lie upon a straight line for wide 
ranges of air iiiass is a rea\onal)ly sure criterion of the RC- 
curacy of the extrapolativu. I n  order to give an impresbion 
of the weight \shich shimlcl 1)e assigned t u  the solar constant 
values shortly to l x  given, I call attention t u  fig. 1, which con- 
tains the plots for deducing atiiiosplieric transmission a t  sev- 
ern1 wave lengths for tw.o cla) s, March 25, 1903, and I h r c h  26, 
1903, observatioiih for the two clays beinji represented by cir- 
cles a i d  crosses respectively. The talifielit o f  tlie angle of in- 
clination of the plotteJ lines is the logaritlini of  tlie coefficient 
of transparency of thp atmosphere for T ertical traiihinisbion of 
x ray of the given nave  length. Plots I and I1 represent a 
wave length of 1.037 p ;  I11 and IV, O .  656 < I  ; V and VI, 0.468 
I ! ;  :mcl  VI1 ancl T'III. 0.395 :!. I u  connection with this branch 
of the subject, it  is ne11 to remark what the experience of me- 
teorologists geiierally no doubt confirms. that  the afternoon 
hours are found far inore uniform as to traiisparency of the air 
than the morning hours, so that  the observations of atmos- 

~ 21n our lirncti 
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Date. Trausluissiabu rnetliciriits for riuit a i r  I I I ~ S S .  

I 

October 25i9 1901 . . . . . . .  
Noveuber 2, 19111.. . . . . .  ........................................................................ 
May 8. 1902.. ............................................................................................. 
Septeriilier 11. 1:102.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Iktober 5,  1902 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0ct.ober 15, 1902 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Octoher 16,1902.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
<)ctoher 32, 19WL' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . I . .  ..... 
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April 29, 1903.. ........................................................................... . '  0.46 0.43 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.4h4 0.c%7 
Mean uf 1901-2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Mean of 1903 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.4S4 0 . 5 5 i  

I 

. . . ................................................... 1 . . . . . . . . I  ....... 
March 21, 1902. . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .#. . . . . . . . . . . . . . . .  
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pheric transmission for use in coiuputiiig values of the solar 
constant have been obtained chiefly in the afteriioon. Fore- 
noon observations &re distinguished in fig. 1 by being con- 
nected by dotted lines. 

In  order to fix our ideas as to t,he magnitude and the rari- 
ability of the absorption of the earth's atmosphere, the pre- 
ceding Table 1, showing the percentage of transmission at nu- 
merous different wave lengths for the days indicated, is 6'  riven. 
The computations upon which the table is based were made at  

79-4 

wave lengths specially selected to avoid large terrestrial ab- 
sorption lmids, an11 thus the table gires values of the general 
absorption only. A few reductions have been made to deter- 
mine the selective absorption within tlie numerous atmospheric 
bands of water vapor and oxygen, but  while their discussion 
h ~ s  gone far enough to show that equation ( 1 )  apparently 
holds good iii these bnnrls, tlie results are not yet far enough 
:advanced to be included in the tables. As another criterion 
uf the accuracy of the method of extrapolation, and in accord 
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with what has just  been said, it is found that  in computations 
of the form of the solar energy curve outside the atmosphere, 
the employment of the ohserved values of transmission within 
the water-vapor bands would practically fill up these bands : 
However, in determining the solar constant they have been 
smoothed over ancl the general transmission constants corres- 
ponding to sniootheil curves are employed in  the computation. 

The days included in Table 1 were all nearly cloudless, and 
thus the results represent the transmission of the atmospliere 
in better than average conditions. In  order to bring out  
clearly what seems to be a market1 decrease in the transparency 
of the air for the present caleiidar year, tlie means of the gen- 
eral transmission coeficients hare  been taken for the o1)servs- 
tions of 1901-2, nncl for those of 1903 separately. There is 
an average cliffererice of l o  per cent, in favor of the earlier 
years, and this can not, so far as I know, be accouiitetl for in 
any other way than 1)y recog,nizing an nctual clecreabe in the 
transparency of the air. beginning somewhere between No- 
vember 15, 1902, and February 19, 1903. It might be urged 
that the change i h  perhaps an annual one, as most of tlie ob- 
senations of l W - 3  are in the autumn, ancl those of 1!)0:3 in the 
spring. But, in contradiction to this view, we find the obser- 
vations of March and May, 1902. generally above the iueaii 
of that  year, SO that  I incline to tliink the change ratlier estra- 
ordinary than annual in character. Such a change woultl iiiiply 
a corresponding reduction in  the amount of direct solar racli- 
ation received a t  the earth's surface, and if general over a wide 
area would seem to be likely to  occasion some alterntioii of 
climate. Recent actiiioinetric olxervations reportecl by sex era1 
o lwrve r s  in thih country and in Europe3 seem to strengthen 
the probability that tlie change in transparency of the air is 
widespread, for their measures of solar raclitttioii a t  the earth's 
surface have been alqx-ecial)ly lower of late than for tlie same 
inontlis of former years. Several M riters have suggested tlie 
possibility of the wide dissemination of fine clust clouds from 
tlie volcanic eruptionb of l!W, in explanation of the lower 
values. It will be noted from T d ~ l e  1 that  the differences be- 
tween the means of 1901-2 and 1903 are largeht for short 
wave lengths and diminish nearly uniformly toward tlie infra- 
red as far as a ~axve  length of 1.2:!, which would pro1ral)ly 1)e 
in liariiiony with this hypothesis; for such sniall dust  particles 
miglit Ire expected to  scatter am1 alrsorlr the shorter wave 
lengths most. not being large eiiougli to act like ai1 o p q u e  
screen diminishing all wave lengths proportionally. 

COhIPUTATIONh OF THE h1)LAR I'ONhTANT OF I t i I l I iTI l jN .  

The coeficients of general atmospheric transmission rebting 
upon nieasures a t  24 different wave lengths froni 0.Wp to 2.3:) 
on series of lwlographic curves have been employed :it the ds- 
trophysical Observatory in connection with 1wlogral)hs and 
actinometric data to compute the solttr conhtnnt of radiation 
outside tlie atmosphere. Referring to fig. 2 the area inclnclecl 
underneath a spectral energy curve is directly proportioiinl 
to the total radiation a1)sorl)ed by the 1Jolometer over tlie range 
of wave lengths inclucletl in tlie curve. But  this area is not 
strictly proportional to the tot,nl solar radiation a t  tlie earth's 
surface, as determined 1)y actinometer ol)servations, for tlie 
reason that  the radiation has heen unequally reduced a t  clif- 
ferent wave lengths 1)y losses a t  the hiclerostat mirror, ant1 witliiii 
the spectroscope, and also by selective absorption a t  tlie boloine- 
ter itself. It is necessary to  correct the curve so that i t  hliall as 
accurately as possible represent the clistribution of energy in 
the solar beam prior to these losses. I n a s ~ i i u ~ l i  as the coef- 
ficient of total absorption of the lampldackecl bolometer strip 
is up-arc1 of 95 per cent. it  is 1,elieved that  no considerable 
error is aclmittecl by neglecting its differences of absurptioii for 
diRerent wave lengths, ancl no correction is applied for these. 
The relative absorption of the spectroscope for different waTe 

3See note by H. H. IiiniLrtll, MIontlily Weather Review, May, 19o3. 

lengths is frequently determined. and that  of the siderostat mir- 
ror still more frequently; for in both these optical parts of the 
apparatus there is rapid deterioration of the reflecting power 
of the silvered glass surfaces. At present this indeed forms 
one of the main clifficulties and sources of error of the investi- 
gation, for a whole day of observing ancl several days of com- 
puting are required for each determination of the absorption 
of tlie apparatus, which would be determined once and for all 
if constant reflecting surfaces could lie employecl. 

By inems of the coeficients of absorption of the apparatus 
thus determined. the area included under the Loloqaphic curve 
is to lw increased so that the total corrected area is then propor- 
tional to the solar radiation a t  the earth's surface as measured 
with the actinometer or pyrheliometer. Then by the ail1 of 
foriuula 1. given a h \  e,  and employing tlie transmission co- 
efticieiits cleterinined from tlie series of bolographs of the clay, 
the area is again corrected till it heconies proportional to the 
total radiation outside the atmosphere. The ratio of the area 
as corrected for atmospheric absorption to the area corrected 
only for instrumental absorption is the factor by which the 
reduced pyrheliometer reading is to be multiplied to give tlie 
L' solnr constant " SO called.' 

It is evicleiit that  these " solar constant " values depend 
directly upon the pyrheliometer or artinnmeter readings for 
their accuracy, so that these instruments become here of major 
importance. I n  tlie work thus far a mercury pyrheliometer has 
h e n  used as the 1)riiiiary stanclard. and the claily observations 
have been taken soinetiiiies with it,  soinetiines with a Crova 
nlc.oliol actinometer (specially constructed for this Institution 
under 31. C'rova's 1 alueil supervision), and sometimes with both 
instruments siiuultaneously. It has been shown by repeated 
comparisons of the two instrnnieiits and by comparisons of the 
pyrheliometer with aiinther type that they give proportional 
results u~ider  wiclely differing conditions of wind and tempera- 
ture, so that I have no question as to the relative accuracy 
witliiii 2 per cent of the actinometric (lata eiuployecl in coni- 
puting values of the '< solar constant." There is, on the other 
h a n d  rooni for question as to the absolute Iiiagnitudes of the 
values given, for these depeiid on the coiistants and the theory 
of the niercury pyrhelioineter. Steps are being taken to get 
further checks on this matter, and in a later publication i t  is 
expected to recompute the data in acmrcl with later informa- 
tion. For the present, then, the values in the following Table 
2 are to be held as relatively accurate ant1 consistent aniong 
themselves, but  subject later to correction 1)y a uonimon multi- 
plying factor. 

The b o l o ~ r a p h s  used in the computations extend from wave 
lengths (j.37,u to wave length 2 . 5 , ~  with the exception of those 
of OchJlJer, 1902, which reached only to a wave length of 0.irip 
in tlie violet. For these latter holographs a correction of 
about 12 per cent was applied, founded on the later work, 
aiicl thus the results for October, 1902, are entitled to slightly 
less weight on this account. All the areas have been extra- 
polated for the radiations lying outside a t  both ends of tlie 
region 0.37:t to 2.5:!, but  the correctiom so applied amount to 
less than one per cent altogether. Their magnitude was de- 
termined 1)) an inspection of tlie rate of decrease of successii e 
correctecl areas approaching the limits of the curves, and th.e 
correctioiis mere checked both by computing according to 
\Len's formula the probalde forni of the solar energy curve 
corresponding to the assumed solar temperature of GOUO", and 
1)y eminination of the normal energy curves outside the atmos- 
l'liere as computed from bolographs and gixen in fig. 3. 

I have thought it worth while to  give, in addition to the 
In coml~uting these twrrrcteil area5 the holograph is diricled into 24 

regions. rat.11 1)f which is separately rednc~d 1~s applying the mean GIB- 
ilieric atid iustrumentrtl traiisniisbion within the region 

in ilue+tii)n. A+ alrrntly statwl, the water \ nliior abwrptioll linnrls are 
5inl)otliril 01 er ant1 c~ Irrwtrrl for atmospheric a1isnrptii)n 11s ail1 o f  geii- 
rral transiiiiAa coeffa+nts. 
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FIG. 3.-Distril~ution of radiation in the uornial solar spectrum outside the earth's atmosphere. 
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1.S5 
1. 21) 
1.34 
1.19 
1.16 
1. I15 
1.111 
1. ''3 
1. (15 

TABLE %--Values of the solar constant qf radiat,h. Prom bolographic 
studies. 

2. !4 
2. . . I  
2. SI 
2. 29 
2.11 
2. I19 
1 .  97 
2. 23 
1.93 

h. ) , I .  

.................. 3 01 
1'903. 

FFliriiary 19 ................ 1 01 

March26 ................... 1 57 
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April 28. .  .............. 
April 29. .  .............. 
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nkau of wsiilts nftrr 

nlaruh 26, 1908 

nfarch ?ti, I S I I ) ~  
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. . . . . . . . . . . . . . . . .  
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1.4% 
1. 43s 
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:dories per square centi- 
meter per minute. 

....................... 1 . . .......... 
I ................................ 

................................ 
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jolar con- 
itant' fur 
iiran'ili+ 
tnnre of 
the w n .  

9.19 
2. 19 
2. 16 

2. 39 
2 ,  25 
2. ?ti 
2. 27 
2.10 
2. (hi 
1. !rB 
2.  27 
1.!IT 

2. llii 

2. ??.I 

2. os0 

general mean, the means also of olIservations 1)efore and after 
March 26, when, for mine unexplnined reason, a fall of ahuut 10 
per cent was notedin the coinliuted solar constant. The o1)st.r- 
vations of Febru:try 19,' IInrcll 35, 36, :iud April 29, 1903. ap- 
peared to be entitled to the greatest weight mnong those gilen, 
on account of the regularity of the actinometric curves of those 
days and the closeness with which the plotted points for cle- 
termining the atmospheric transmission coeficieiits lie upon 
straight lines, as shown for two of the days in  question on fig. 1. 
FORM OF THE NORMAL SOLAR ENERGY SPECTRUM OUTSIDE THE EARTH':, 

ATMOSPHERE AND THE PROBABLE TEMPERATURE OF THE SUN. 

The reader has no doubt noted that, by applying corrections 
for atmospheric and  instrumental al)sorption, the bolographic 
spectrum energy curves may be reduced in form as well as in 
area to represent the distribution of energy in the spectrum of 
the solar beam outside the atmosphere. This has been clone 
in several instances, and in doing SO the curves have been 
transformed from the prismatic to the normal wave-length 
scale by taking account of the prismatic clispersion, and 
several of these curves are plotted on fig. 8 I n  these curves 
no account is taken of selective absorption bands, whether 
solar or  terrestrial, smoothed curves only being given. 

It mill be noted tha t  there is a fair agreement in general 
form between these inclependently derived curves, and that 
they unite in fixing the wave length of inaxiinum energy a t  
about 0.49 p.6 Their agreement ~vould  he more exact, there 
can be little doubt, if i t  were not for the large and ~ n r i a l ~ l e  
absorption of the silvered surfaces in  the optical apparatus 
for wave lengths a t  and beyond the region of innximum energy. 
The transmission of the spectroscope a t  a wave length of 0.45 i t  

has varied on this account a t  dif-t'erent times from 33 per cent 
to 15 per cent, whereas a t  wave lengths of 1 and thereabouts 
the transniission always approaches 90 per cent. The spectro- 
scope mirrors are resilvered about once in two months and the 
siderostat mirrors still oftener. 

Wien has derived a law connecting temperature with wive 
length of maximum radiation. which is expressed as follon s, 
where Tis the absolute temperature a i d  i,,,,,,. the wave length 
of maximum intensity of radiation expressed in  microns : 

A,,, T= constant. 
5 February 19. 1903, wa5 the most extraordinary day ah regar& absence 

of water vapor in the atinnqphere which has ever h e n  noted here. The 
great water-vapor hands Q $ in the infra-red spectriun were nearly 
filled up, and the long wave length side of the band A1 presented an almo+t 
unrecpgizable appearance. 

6The wave length of maximum energy determined by Mr. Langley on 
Mount Whitney was about 0.54p. 

The value of this constant for the radiation of a black body " 
or  perfect radiator as determined by Paschen,? Lummer and 
Pringsheim,s and others is about 2900, while for bright plati- 
num Lummer and Pringsheim give 2630 with values for other 
substances intermediate between these. 

Taking the higher value in connection with the observed 
position of maximum in  the solar energy curve outside the 
atmosphere, we find that as regards the wave length of masi- 
nium radiation the sun's radiation may be assumed comparable 
to the emission of a '' 1)lack body ' *  a t  6OWo absolute. Readers 
will draw their own conclusioiis as to the probability that the 
solar temperature actually lies near this value. It may be 
remarked that a further correction of the energy spectrum 
curve for the selective allsorption of the solar envelope would 
uiiclouliteclly retluce tlie wave length of maximum radiation 
still further, ancl would thus incline us to the view that the 
interior of the sun is a t  a higher temperature than the above 
considerations alone woulcl indicate. 

- 

TREES AS FORECASTERS OF RAIN. 
By C'CRTIZ S. L\hv+, Honolulu, Hawmi, dntrrl Octu1,vr 16, 1902. 

With respect to the query on page 315 of the MUNTHLT 
W E x r H E R  REVIEW f u r  June, 1903, as to whcbther leaves of trees 
am1 shrul)h turii 111) their lower sides previous to rain, the fact 
is this: A steady wind does not cause the leaves to turn in 
t,Lis way, 1)ecnuse tlie leares acljust themselves on t,he twigs of 
the tree or shrul) to the wind in that particular clirection. 
But  a snclclen change in wind seeins to take the leaves 11n- 
awares, aiicl they immeiliatelg show their undersides until they 
become accustomed to the new direction. That is exactly what 
takes place before a thnnclerstorni. A change from tracle 
wind to southerly or westerly wind here always shows the 
under side of the leaves. Curiously enough a sudclen gust 
while the writer was reading the note in the WEATHER RETIEW 
gave an instance of the very thing in question. 

~- 

CLIMATOLOGY OF COSTA RICA. 
Comniuuicated by Mr II. PITTIER, Director, Phyyieal Geographic Institute. 

[For tables see the last page of this RE\ IEW preceding the charts.] 

N o t r 7 . s  on the iarather.-On the Pacific slope, the rainfall was 
exceptional for the season, with strong northerly winds and 
muc*h dampness. In  San JOB;, pressure and humidity were 
normal, with a slightly lower temperature; after the 8th i t  
rained most of the time, with a heavy ani1 cold northeast wind. 
Sunshine one hundred ancl one hours against a normal of one 
hunclrecl and fifty-eight hours. The instability of the weather 
cIelnyec1 t,he coffee picking, and the strong and clamp winds, quite 
unusual a t  this time of year, were T-ery prejudicial to the public 
healt,h. On the Atlantic slope the rainfall was excessive, cam- 
ing everywhere inundations and lan&&cles. The only way of 
communication with Por t  Liiiion, i. e., the Costa Rica Railroad, 
has been int,erruptecl for a c1ist:tnce of 13 miles, and has.suf- 
ferecl inany other clamages. 

h.iJtrs on mt.thqunX.Ps.-Deceml)er 16, 10" 36" a. m., slight 
shock NW-SE., intensity 11, dnration 3 seconds. Another 
slight earthquake was reported from Tres Rios on the 20th. 

THE POLAR AURORA OF OCTOBER 30-NOVEMBER 1, 

CommunicatPd by J A M E S  P4, .E,  United States Hyrlrogmpliic Oilice, dated Washington, 
Ilwemher 14. 1903. 

1903. 

During the night of Octoljer 30-31, and aqaiu di ir in~  that of October 31- 
November 1, oliservers aboard vessel5 in higher lntitutles reptwt ha\ ing 
nitnesseil reinarkable di+plags of the aurora borealis or northern lights. 
The phenomenon was oliserT et1 in Iwth the Atlantic an11 Pacific nc.ean5. 
(See the report of the steamship Ti'cforin pi\ en lrelow. ) Its ncciirreiice 
mi13 not hiiiiiiltnneow throughout. different oljserx erq rworcliug the ai>- 
I>earaiice and disappearance of the lights at clifferent instants of  absolute 

~~ ~~ 

7 Paschen, Astro1ihysiid Journal, IS. 306, 1899. 
sVerliandlungen d. Deutschen Phys. Ges. 111. 37, 1901. 


